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This invention relates te the direct oxidation of
aldehydes to the corresponding acid anhydrides.

An object of this invention is the production of
aliphatic acid anhydrides by the direct oxidation
of aliphatic aldehydes in the liquid phase at
atmospheric pressure and to produce the an-
hydrides in high yield with a minimum produc-
tion of by-products such as the acid itself and the
per acids.

A further object of this invention is to carry out

the oxidation of aliphatic aldehydes to the cor-
responding anhydrides in the presence of a cata-
lyst to obtain higher yields.. Another object of
the invention is the use of catalysts which can
be reused without any further treatment or re-
vivification.

While the manufacture of acetic acid anhydride
by the catalytic oxidation of acetaldehyde has
been suggested, it has not proven commercially
practical because of the hydrolysis of the acetic
acid anhydride and the resultant inconsequential
and inconsistent yields. In the. present process
the known difficulties have been obviated and
uniform, commercially practicable yields of acid
anhydrides have been obtained by the direct
oxidation in the liquid phase of the corresponding
aldehydes.

'This novel process for the production of ali-
phatic acid anhydrides broadly comprises the
oxidation of aliphatic aldehydes in the liquid
phase in the presence of a diluent and the re-
cycling of the réaction products through the
reaction zone while removing a portion of the
products of the reaction and separating the acid
anhydride therefrom. 'The process is continuous
and the reaction mixture is continuously recycled
in comparatively large quantities.,

Various catalysts have been found to be oper-
. ative, such as, the acetates of cobalt, manganese,

iron, nickel, mixtures of the acetates of man-

ganese and cobalt and cobalt and copper giving
the best results. Tt has also been found that the
catalysts which have generally been used in the
catalytic oxidation of aldehydes to acids, and
especially those used in the oxidation of acetalde-
hyde to acetic acid, are unsuitable for the oxida-
" tion of aldehydes directly to the corresponding
acid anhydride. It is apparent that these cata-
lysts are not particularly suited for anhydride
formation since they not only yield the acid as
the main product but also yield by-products which.
catalyze the hydrolysis of any anhydride formed
to the free acid. In the presence of such cata-
lytic by-products the separation of the anhydride
is difficult for even though small amounts of an-
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hydride may be produced, they are 1mmed1ate1y
hydrolyzed to the acid.

The catalysts which have been found to pro-
duce large yields of anhydride are mixed catalysts
composed of the acetates of cobalt and copper in
varying proportions. The use of cobalt acetate
alone or of copper acetate alone does not promote
the oxidation reaction in as great a degree as
does cobalt acetate containing a trace of copper
or copper acetate containing cobalt acetate.
While iron and nickel acetate as well as man-
ganese acetate yield considerable amounts of an-
hydride when used as catalysts, the anhydride is
contaminated with per acids. The disadvantage
of having per acids present, as has been men-
tioned previously, is that these acids catalyze
the hydrolysis of the anhydride. This rapid
hydrolysis makes it very difficult. to separate any
anhydride from the reaction mixture. The mix-
tures of cobalt and copper acetate. however, do
not produce “per” compounds to an extent great
enough to hydrolyze the anhydrides formed so
that the best yields of anhydride are obtained
with these mixed catalysts.’

It has been found that the concentration of
catalyst may vary from about 0.5% to about 5%
based upon the weight of aldehyde, exclusive of
that included in the recycle, introduced into the
reaction zone. However, for any particular cata-
lyst there is an optimum concentration which gives

" the highest yield of. anhydride and the lowest

yield of hy-products in the form of acids and per
acids. Inasmuch as the recovery of catalyst for
reuse involves expensive mechanical operations,
it is essential that these optimum conditions be
determined in order to keep this cost down.
When acetaldehyde is oxidized to acetic acid
anhydride the optimum concentration of cobalt
acetate-copper acetate catalyst is about 2.0% and
at this concenfration the highest yield of an-
hydride is obtained. Total conversion with a
catalyst of this concentration. is approximately
as great as when a catalyst cencenfration of
0.8% was used. The advantage of using the
slightly higher catalyst concentration lies in the
fact that conversion of acetaldehyde to peracetic
acid is highest when the catalyst concentration
is Iow, i. e., about 0.2%. The formation of per-
acetic acid declines with increasing catalyst con-
centration. As a result it is advantageous to
employ a higher catalyst concentration and. to
thereby inhibit the formation of peracetic acid.
As has been indicated, the catalysts which are
most advantageous for the oxidation of aldehydes
to the corresponding acid anhydrides are mixtures
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of copper acetate and cobalt acetate. When acet-
aldehyde was oxidized to acetic anhydride it was
found that a mixture of 2.0% copper acetate with
0.2% of cobalt acetate gave a 71.83% conversion
of acetaldehyde to acetic acid anhydride. This
is a decided improvement over any yields hitherto
obtained. When a catalyst mixture compossd of
2.0% cobalt acetate and 0.2% of copper acetate
was used, the conversion of acetaldehyde to acetic
acid anhydride was 64%. In various other tests it
was determined that the copper-cobalt acetate

catalyst using the higher copper concentrations.

will consistently give the unusual and unexpected
conversions of acetaldehyde to acetic acid an-
hydride ranging from 65% to 75%. In contrast
to the high yields obtained by using these par-
ticular concentrations, low yields of anhydride
were obtained when the conecentrations of both
copper and cobalt acefates in the reaction mix-
ture were low. When a catalyst mixture of 0.2%
of cobalt acetate was used with 0.2% of copper
acetate a conversion of only 40% was obtained,
which clearly.shows that the. catalyst concentra-
tion is an important factor in the degree of con-
version which is obtained.

When cobalt acetate is used as a catalytic agent
together with copper acetate it may be used in
the hydrated form as well as in the anhydrous
form. Ordinarily, the hydrated acetate of cobalt
Co(C:H302). 4H20 may be used. The water of
hydration is released when the catalyst is heated
with anhydride and this adds some water to the
reaction mixture. It is therefore preferable to
use this salt.in its anhydrous form and to there-
by eliminate the necessity for removing this
water of hydration at some subsequent stage in
the reaction. 'The anhydrous salt is not quite as
soluble in acid as the hydrated salt but it does
become -more soluble after it enters the reactor
and comes In contact with the products. of the
oxidation reaction. But even though it is not
entirely soluble there is no difficulty in carrying
out the oxidation with the catalyst partially in
suspension. The catalyst. may be filtered out at
the base of the dehydrator and placed back .in
the. system_for reuse. Since the cobalt acetate
catalyst is carried- in suspension there is no
necessity - for taking any steps to.improve. its
solubility.

It has -been. found that it is unnecessary to
revivify the used catalyst before reusing since not
only.is its activity unimpaired but it seems in
fact to be improved by use. The cause of this
increased activity is not known but it may be due
to the fact that the metal acetates recovered
from the reaction.may contain loosely combined
oxygen. in the molecule.. In the case of cobalt
acetate the loosely combined oxygen may be pres-
ent. as. cobalt oxy-acetate, colbaltous peracetate
or_cobaltic peracetate.

The temperature at which the oxidation.takes
place in the reactor may bhe varied and the re-
action will proceed satisfactorily at temperatures
ranging. from 80° F. to. 125° B. At the lower
temperatures it has been found that hydrolysis
of anhydride is somewhat inhibited, absorption
of oxygen is increased. and the aldehyde tends to
remain in solution to.a.greater extent. At lower
temperatures, however, oxidation does not occur
as. rapidly. as it does. at higher temperatures.
While. the total conversion. of acetaldehyde to
various-oxidation products is not as great. at the
lower- temperatures as it is. at higher tempera-
tures,- the percentage of the total conversion
which goes to anhydride is approximately as great
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at the lower temperatures as it is at higher tem-
peratures.

Various diluents are suitable in the liquid phase
oxidation of aldehydes to anhydrides. Among
the various diluents which are suitable are acetic
acid or the acid corresponding to the aldehyde
being oxidized, triacetin, ethyl acetate and ben-
zene. Such other inert and miscible diluents as
the chlorinated hydrocarbons, viz. carbon tetra-
chloride and chlorbenzene are also suitable.
Acetic acid when used as a diluent produced by
far the greatest yield of anhydride in the oxida-
tion of acetaldehyde and also the greatest total
conversicn. While appreciable amounts of an-
hydride are recovered when using any of the
diluents, the recovery is most satisfactory with
acetic acid as diluent in the oxidation of acetalde-
hyde.

The recycling of a substantial portion of the
reaction mixture through the reaction zone dur-
ing the course of the reaction is an essential
feature of this process. The recycling of the
reactants through the reaction zone serves two
functions. First, it is a means of presenting. the
greatest unit volume of aldehyde to each unit
volume of oxygen, and, second, it serves as a
means for removing the heat of reaction, thereby
affording an excellent means for controlling the
temperature of the reaction zone. While some
cenversion to anhydride is obtained when there
is no recycle, a definite and substantial increase
in the yield of anhydride is observed when large
amounts cf the reaction mixture are recycled.
This reaction mixture includes the anhydride
formed, the acetic acid by-product and the cata-
lyst, as well as unconverted aldehyde. The re-
cycle ratio may vary, for example, from about
6G to 1 to about 90 to 1 with recycle ratios of
about 89 to 1 having been found most suitable.
Since the temperature of the reaction zone is a
function of the recycle ratio. the rate may be
varied so that the reaction may be carried out
at any desired temperature. The recycle ratio
is, the total volume of liquid. from the reactor
recycled per minute compared with the volume
of fresh aldehyde fed to the process during the
same time interval. The process is illustrated
hy the accompanying diagrammatic drawing and
by the following examples but these examples are
given merely by way of illustration and are not
to be considered limitative.

Ezxample I

A mixture composed of 2.9 parts by weight
of acetaldehyde and 2.82 parts of acetic acid in
which are suspended 0.055 part of copper acetate
and 0.005 part of cokalt acetate is continuously
introduced into the top cf reactor { each minute
together with 1.0 part of acetaldehyde recovered
from receiver T and absorber 8. 'The reactor is
a columnh packed with glass. Oxygen is forced
in at the base of the reactor at the rate of 1.312
parts by weight per minute and the liquid mix-
ture to be oxidized gravitates downward counter-
current to the rising stream of oxygen. The
efluent unused oxygen leaves the top of the re-
actor and goes to the aksorber 8 where the oxy-
gen is scrubbed hy 3.8 parts of water par minute.
0.482 part per minute of unused oxygen leave at
the top of the absorber and 0.38 part per minute
of acetaldehyds are removed in the serub water
for return to the reactor. The reacting liquids
flow to the base of the reactor where they are
cocled by a coller 2 and then pumped by a pump
3 through a second cooler 4 from which a por-
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tion is fed back to the top of the reactor and a
part is taken off continuously and delivered to a
dehydrating column 5. The portion taken to the
dehydrator per minute consists of approximately
0.93 part of acetic acid anhydride, 0.38 part of
water, 3.26 parts of acetic acid, 0.62 part of
acetaldehyde, 0.055 part of copper acetate and
0.005 part of cobalt acetate. :

Benzene is fed continuously to the dehydrat-
ing column 5 in the amount of 13.17 parts per
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minute.  Some acid, aldehyde and all the water

and benzene are removed overhead from-the de-
hydrator by the way of a condenser 6 and passed
into a receiver 1. The anhydride, catalyst and
some acid are removed at the base of the de-
hydrator. . .

The temperature in the reactor is held to 110°
T, and is controlled by regulating the flow of

15

recycle by means of the pump. The recycle per

minute consists of approximately 37.3 parts of
acetic anhydride, 130.3 parts of acetic acid, 15.2
parts of water, 24.8 parfs of acetaldehyde, 2.2
parts of copper acetate and 0.2 part of cobalt
acetate. This is a recycle rate of about 82 to 1
since there are approximately 220 parts of liquid
by volume recycled per minute compared to a
feed of 2.6 parts by volume of acetaldehyde per
minute.
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The benzene taken off in the receiver and the )

amount of catalyst removed per minute at the
base of the dehydrator are equal to the amounts

30

fed in per minute and no excess is allowed to ,

build up in the process.
Example I

A mixture composed of 2.09 parts by weight
of acetaldehyde and 2.82 parts of acetic acid in
which are suspended .005 part of copper acetate
and 0.055 part of cobalt acetate is continuously
introduced into the top of reactor I each minute
together with 0.73 part of acetaldehyde recov-
ered from receiver 1 and absorber 8. The re-
actor is a column packéd with glass. Oxygen
ijs forced in at the base of the reactor at the
rate of 1.216 parts by weight per minute and
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the liquid mixture to be oxidized gravitates

downward counter-current to the rising stream
of oxygen. The effluent unused oxygen leaves the
top of the reactor and goes to the absorber 8
where the oxygen is scrubbed by 1.5 parts of
water .per minute. 0.2025 part per minute of
unused oxygen leave at the top of the absorber
and 0.15 part per minute of acetaldehyde are
removed in the scrub water for return to the
reactor. 'The reacting liquids flow to the base
of the reactor where they are cooled as indi-
cated in Example I. 'The portion taken to the
dehydrator per minute consists of approximately
1.01 parts of acetic acid anhydride, 0.35 part of
water, 3.49 parts of acetic acid, 0.58 part of
acetaldehyde, 0.005 part of copper acetate and
0.055 part of cobalt acetate.

Benzene is fed continuously to the dehydrating
column 5 in the amount of 13.17 parts per min-
ute and dehydration carried out as described in
Example 1.

The temperature in the reactor is held to 120°
F. and is controlled by regulating the flow of
recycle by means of the pump. The recycle per
minute consists of approximately 38.7 parts of
acetic anhydride, 133.41 parts of acetic acid, 13.4
parts of water, 22.2 parts of acetaldehyde and
0.19 part of copper acetate and 2.10 parts of
cobalt acetate. 'This is a recycle rate of about
80 to 1.
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Ezxample III

A mixture composed of 7.81 parts by weight
of acetaldehyde and 9.96 parts of acetic acid in
which are suspended 0.5 part of cobalt acetate
is continuously introduced into the top of a
reactor | each minute together with 3.46 parts
of acetaldehyde recovered from receiver T and
absorber 8. 'The reactor is a column packed
with' glass. Oxygen is forced in at the base of
the reactor at the rate of 4.54 parts by weight
per minute and the liquid mixture to be oxidized
gravitates downward counter-current to the ris-
ing stream of oxygen. The effluent unused oxy-
gen leaves the top of the reactor and goes to
the absorber 8 where the oxygen is scrubbed
by 7.5 parts of water per minute. .00526 part per
minute of unused oxygen leaves at the top of
the absorber and 586 part per minute of acetal-
dehyde is removed in the scrub water for re-
turn to the reactor. The reacting liquids flow
to the base of the reactor where they are cooled
by a cooler 2 and then pumped by a pump 3
through a second cooler 4 from which a portion
is fed back to the top of the reactor and a part
is taken off continuously and delivered to a de-
hydrating column 5. The portion taken to the
dehydrator per minute consists of approximately
2.92 parts of acetic acid anhydride, 0.51 part of
water, 12.48 parts of acetic acid, 2.87 parts of
acetaldehyde and 0.5 part of cobalt acetate.

Benzene is fed continuously to the dehydrating
column 5 in the amount of 16.33 parts per min-
ute. Some acid, aldehyde and all the water
and benzene are removed overhead from the
dehydrator by way of a condenser 6§ and passed
into a receiver 1. The anhydride, catalyst and
some acid are removed at the base of the de-
hydrator. The temperature in the reactor is held
to 120° P. and is controlled by regulating the
flow of recycle by means of the pump. The re-
cycle per minute consists of approximately 121.7
parts by weight of acetic anhydride, 519.2 parts
of acetic acid, 20.7 parts of water, 118.3 parts
of acetaldehyde and 20.7 parts of cobalt acetate.
This is a recycle rate of 80 to 1 since there are
approximately 800 parts of liquid by volume
recycled per minute compared to a feed of 10
parts by volume of acetaldehyde per minute.

The benzene faken off in the receiver and
the cobalt acetate catalyst removed per minute
at the base of the dehydrator are equal to the
amounts fed in per minute and no excess is
allowed to build up in the process.

While the above examples set forth preferred
modes of practicing the invention, it is to be
understood that the details given above may be
modified in many respects without departing
from the spirit and scope of the invention. - Thus
while the process has been described particu-
larly with reference to the conversion of acetal-
dechyde to acetic anhydride, it is also applicable
to other aliphatic aldehydes such as propion-
aldehyde, butyraldehyde, valeric aldehyde and
caproic aldehyde.

The oxygen necessary for the oxidation may
be introduced as pure oxygen but air is preferably
employed. When air is employed for the oxida-
tion it is preferable to carry out the reaction
at pressure above atmospheric so that the con-
centration of oxygen in the reaction zone will be
equivalent to that obtained when pure oxygen
gas is used.
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Having described - my inirerition, what I desire
to secure by Letters Patent is:

1. In a continuous process for a manufacture
‘of an aliphatic ahhydride by oxidation of the

corresponding aldehyde in the liguid phase and -

in the presence of a catalyst selected from the
‘group consisting of ‘the acetates of cobalt, man-
ganese, iron, nickel and coppeér and mixtures
thereof, the steps of Mmaintaining substantially
constant the coiposition of "the ‘reaction liquor,
‘circulating reaction’liquor between reaction zone
“and a cocler while separating part of said liquor
for the recovery of anhydride therefrom, and re-
introducing into the réaction zone by said circu-

lation a quantity of reaction liquor equal to from :

60 to S0 times the volume in the liquid ‘state of
-fresh-aldehyde introduced-into the system ‘to re-
‘place:that undergoing oxidation.

2. -In-a continuous.process for the manufacture

cf an aliphatic anhydride by -oxidation of the

corresponding aldehyde in the liquid phase and
in the presence of -a catalyst selected from the
group consisting of the acetates of cobalt, man-
. ganese, iron, nickel and copper and mixtures
thereof, the steps of maintaining substantially
constant the composition of the reaction liguor,
circulating reaction Iiguor between reaction
Zone and g cecler while separating part of said
liquor for the recovery of anhydride therefrom,
and re-introducing into the reaction zone by
sald circulation a quantity of reaction liquor
equal to about 80 times the volume in the liquid
state’of fresh aldehyde introduced into the sys-
temn fo Tepldce that undergoing oxidation.

3. In ‘a continudus process for the manufac-
ture of acstic anhydride by oxidation of acetal-
‘dehyde in the liquid phése and in the presence
of 'a"catalyst selected from the group ‘consisting
of the "acetates ‘of cobalt, mahganege, iron,
nickel and copper and mixtures thereof, the steps
of maintaining stbstantially constant the com-
position of the reaction liquor comprising acetal-
dehyde and acetic acid as diluent, circulating
reaction liquor between ‘the réaction zone and a
cooler while separating part of said liquor for
the recovery of acetic anhydride ‘therefrom, and
re-introducing into ‘the reaction zone by said
circulation a quantity of reaction liguor equal to
from 60 to 90 times the volume in the liquid
state of fresh acetaldehyde introduced ‘into ‘the
system to replace that undergoing -oxidation.

4. In a continuous process for the manufac-
ture of acetic anhydride by oxidation of acetal-
dehyde in the liquid phase and in the presence
of a cathalyst selected from the 8roup consist-
ing of the acetates of cobalt, manganese, ‘iron,
nickel and copper and mixtures thereof, the steps
of maintaining substantially constant the com-
bosition of the reaction liquor comprising acet-

aldehyde and acetic acid ag diluent, circulating - .

reaction liquor between the reaction zone and a
cooler while separating part of said liguor for
the recovery of acetic anhydride therefrom, and
re-introducing into the reaction zone by said

circulation a quantity of reaction liquor equal

to about 80 times the volume in the liquid state
of fresh acetaldeyhde introduced into the sSys-
tem to replace that undergoing oxidation.

5. In a continuous process for the manufac-

ture of acetic anhydride by oxidizing acetalde-

hyde in the liquid phase with oxygen and in
the presence of a catalyst selected frem the
group consistinig of the acetates of cobalt, man-
ganese, iron, nickel, and copper and mixtures
thereof, the steps of maintaining substantially
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constant the composition of the reaction liquor
comprising acétaldehyde and scetic acid as dil-
uent, circulating reaction liquor between the
reaction zone and a cooler while separating part
of said liquor for the recovery of acetic anhy-
dride therefrom, and re-introducing into the re-
action zone by said circulation g quantity of re-
action liquor equal to from 60 to 90 times the
volume in the liquid state of fresh acetaldehyde
introduced into the system to replace that un-
dergoing oxidation.

6. In a continuous process for the manufac-
ture of acetic anhydride by oxidizing acetalde-
hyde in the liquid phase with oxygen and in the
presence of a catalyst selected from the group
consisting of the acetates of cobalt, manganese,
iron, nickel, and copper and mixtures thereof,
the steps-of maintaining substantially constant
‘the composition of the reaction liquor compris-
ing acetaldehyde and acetic acid as diluent, cir-
culating reaction liquor between the reaction
zone and a cooler while separating part of said
liguor for the recovery of acetic anhydride there-
‘from, and re-introducing into the reaction zcne
by said circulation a quantity of reaction liquor
equal to about 80 times the volume in the liquid
state of fresh acetaldehyde introduced ‘into the
system to replace that undergoing cxidation.

7. In a continuious process for the manufac-
fure of acetic anhydride by oxidizing acetalde-
hyde in the liquid phase with oxygen and in the
presence of a catalyst comprising a mixture con-
sisting of the acetates of cobalt and copper, the
steps of maintaining substantially constant the
composition of the reaction liquor comprising
acetaldehyde and acetic acid as diluent, circu-
lating reaction liquor between the reaction zone
and a cooler while separating part of said liquor
Tor the recovery of acetic anhydride therefrom,
and re-introducing into the reaction zone by
sald circulation a quantity of reaction liguor
equal to from 60 to 90 times the volume in the
liquid state of fresh acetaldehyde introduced
into the system to replace that undergoing oxi-
dation.

8. In a continuous process for the manufac-
ture of acetic anhydride by oxidizing acetalde-
hyde in the liguid phase with oxygen and in the
presence of a catalyst comprising a mixture con-
sisting of the acetates of cobalt and copper, the
steps of maintaining substantially conistant the
composition of the reaction llquor comprising
acetaldehyde and acetic acid as diluent, cir-
culating reaction liquor between the reaction
zone and a cooler while separating rart of said
liquor for the Tecovery of acetic anhydride there-
from, and re-introducing into the reaction zone
by said circulation a quantity of reaction liquor
equal to about 80 times the volume in the liquid
state of fresh ‘acetaldehyde introduced into the
system. to replace that undergoing oxidation.

9. In a continuous process for the manufacture
of acetic anhydride by oxidizing acetaldehyde in
the liquid phase with oxygen and in the presence
of a catalyst comprising a mixture consisting of
the acetates of cobalt and manganese, the steps of
maintaining substantially constant the composi-
tion of the reaction liquor comprising acetalde-
hyde and acetic acid as diluent, circulating reac-
tion liquor between the reaction zone and a cooler
while separating part of said liquor for the re-
covery of acetic anhydride therefrom, and re-
introducing into the reaction zone by said circu-
lation a quantity of reaction liquor equal to from
60 to 90 times the volume in the liquid state of
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fresh acetaldehyde introduced into the system to
.replace that undergoing oxidation.
10. In a continuous process for the manufac-

ture of acetic anhydride by oxidizing acetalde- °

hyde in the liquid phase with oxygen and in the
presence of a catalyst comprising a mixture con-
sisting of the acetates of cobalt and manganese,
the steps of maintaining substantially constant
the composition of the reaction liguor comprising
acetaldehyde and acetic acid as diluent, circulat-
ing reaction liquor between the reaction zone and

“a cooler while separating part of said liquor for
the recovery of acetic anhydride therefrom, and
re-introducing into the reaction zone by said cir-
culation a quantity of reaction liquor equal to
about 80 times the volume in the liquid state of
fresh acetaldehyde introduced into the system to
replace that undergoing oxidation,

11, In a continuous process for the manufac-
ture of acetic anhydride by oxidizing acetalde-
hyde in the liquid phase with oxygen and in the
presence of a catalyst comprising a mixture con-
sisting of the acetates of cobalt and copper in an
amount equal to from 0.5 to 5% based on the
weight of the acetaldehyde, the steps of main-
taining substantially constant the composition of
the reaction liguor comprising acetaldehyde and
acetic acid as diluent, circulating reaction liquor
between the reaction zone and a cooler while
separating part of said liquor for the recovery of
acetic anhydride therefrom, and re-introducing
into the reaction zone by said circulation a quan~
tity of reaction liquor equal to from 60 to 90 times
the volume in the liquid state of fresh acetalde-
hyde introduced into the system to replace that
undergoing oxidation.

12. Tn a continuous process for the manuiac-
ture of acetic anhydride by oxidizing acetalde-
hyde in the liquid phase with oxygen and in the
presence of a catalyst comprising a mixture con-
sisting of the acetates of cobalt and copper in an
amount equal to from 0.5 to 5% based on the
weight of the acetaldehyde, the steps of main-
taining substantially constant the composition
of the reaction liquor comprising acetaldehyde
and acetic acid as diluent, circulating reaction
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liguor between the reaction zone and a cooler
while separating part of said liquor for the re-
covery of acetic anhydride therefrom, and re-

* introducing into the reaction zone by said cir-

culation a gquantity of reaction liquor equal to
about 80 times the volume in the liquid state of
fresh acetaldehyde introduced into the system
to replace that undergoing oxidation.

13. In a continuous process for the manufac-
ture of acetic anhydride by oxidizing acetalde-
hyde in the liquid phase with oxygen and in the
presence of a catalyst comprising a mixture con-
sisting of the acetates of cobalt and copper in an
amount equal to about 2% based on the weight
of the acetaldehyde, the steps of maintaining sub-
stantially constant the composition of the reac-
tion liquor comprising acetaldehyde and acetic
acid as diluent, circulating reaction liquor be-
tween the reaction zone and a cooler while sepa~
rating part of said liquor for the recovery of
acetic anhydride therefrom, and re-introducing
into the reaction zone by said circulation a
quantity of reaction liquor equal to from 60 to 90 -
times the volume in the liquid state of fresh acet-
aldehyde introduced into the system to replace
that undergoing oxidation. ,

14. In a continuous process for the manufac-
ture of acetic anhydride by oxidizing acetalde-
hyde in the liquid phase with oxygen and in the
presence of a catalyst comprising a mixture con-
sisting of the acetates of cobalt and copper in an
amount equal to about 2% based on the weight
of the acetaldehyde, the steps of maintaining sub-
stantially constant the composition of the re-
action liquor comprising acetaldehyde and acetic
acid as diluent, circulating reaction liquor be-
tween the reaction zone and a cooler while sepa-
rating part of said liquor for the recovery of
acetic anhydride therefrom, and re-introducing
into the reaction zone by said circulation a quan-
tity of reaction liquor equal to about 80 times
the volume in the liquid state of fresh acetalde-
hyde introduced into the system to replace that
undergoing oxidation.

JOSEPH E. BLUDWORTH.




